Background: Autopsy rates have declined worldwide, but recent retrospective intensive care unit (ICU) data indicate major discrepancies between more than 25% of clinical and autopsy diagnoses.
D
URING THE PAST FEW DEcades, autopsy rates have fallen worldwide: in the United States, they decreased from 41% in the 1960s to 22% in the 1970s, 1 and, in France, from 15 .4% in 1988 to 3.7% in 1997. 2 The reasons for this decrease are many: the timeconsuming task of autopsies for pathology departments, fear of potential legal repercussions (should misdiagnoses be discovered), reluctance of families to give permission for the procedure, and doubt concerning the value of the examination in the era of modern diagnostic techniques. [3] [4] [5] The authors of several recent retrospective intensive care unit (ICU) studies 3,6-10 reported rates of major discrepancies between clinical and autopsy diagnoses ranging between 19% and 27%. However, to date, no prospective study has examined the diagnostic contribution of autopsy in the ICU setting.
To fill this void, we prospectively analyzed all consecutive autopsies during 3 years performed on patients who died in our tertiary care medical-surgical ICU. Our objectives were to assess the accuracy of clinical diagnoses among a large cohort of ICU patients and to determine how many patients might have benefited from modified care, had the autopsy diagnosis been made before death.
METHODS

PATIENTS
This prospective study was conducted from November 1, 1995, to November 1, 1998 , in a 17-bed ICU in a large, 1200-bed, university hospital. The protocol was in accord with the ethical standards of the Committee for the Protection of Human Subjects at our hospital, which waived the need for informed consent.
Critically ill patients admitted to our tertiary ICU (60% medical and 40% surgical, mostly postcardiac) include those originating from the medical wards of the hospital, cardiac surgery patients with postoperative multiple organ failure and/or infections or nonsurgical patients admitted via the emergency department, and medical and surgical patients referred to us from other ICUs. On ICU admission, each patient's hospital chart was constructed prospectively, and the following data were recorded: age; sex; severity of the underlying medical condition, stratified according to the criteria of McCabe and Jackson
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; presence or absence of immunosuppression (oral intake of Ͼ20 mg of methylprednisolone or its equivalent for Ͼ6 months; chemotherapy during the preceding 6 months; oral intake of any dosage of cyclosporine, methotrexate, or azathioprine; or a diagnosis of cancer, leukemia, or acquired immunodeficiency syndrome); and Simplified Acute Physiology Score II. 12 For patients who died in the ICU, the following data were collected: length of ICU stay, duration of mechanical ventilation, and number of radiological (ultrasonography and computed tomographic scan) and fiberoptic bronchoscopy diagnostic procedures performed during the ICU stay.
Furthermore, all clinical diagnoses were determined (based on consensus) and the suspected cause of death was noted within 24 hours of death (before the autopsy) at the daily meetings of all the ICU intensivists and were reported on a specific form, using the codes of the International Classification of Diseases, Ninth Revision.
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POSTMORTEM EXAMINATION
Our routine is to perform an autopsy, when legally possible, on all patients who die in our ICU (not just those in whom the cause of death is uncertain). According to a 1994 French bioethics law, the treating physician of a patient who died can request an autopsy if the patient had not expressed opposition before dying. However, authorization must also be obtained from family members. If no opposition was expressed, the autopsy, including histological examination of all organs and the brain, when indicated, was performed by a hospital pathologist. A senior member of the ICU team treating the patient also attended the autopsy.
CORRELATION OF CLINICAL AND AUTOPSY DIAGNOSES
Monthly clinical-pathological meetings were held to compare clinical and autopsy diagnoses. Results of these correlations were classified as follows: clinical diagnosis confirmed by the autopsy, incomplete clinical diagnosis, clinical diagnosis refuted by the autopsy, clinical diagnosis impossible to confirm because of an incomplete autopsy, clinical diagnosis impossible to confirm by the autopsy, and autopsy diagnosis missed by the clinicians. Furthermore, discrepancies between clinical and autopsy diagnoses were classified according to the criteria of Goldman et al 14 as follows: class I, missed major diagnosis that, had it been made, would have changed patient management and might have resulted in cure or prolonged survival; class II, missed major diagnosis that would not have modified ongoing patient care; class III, missed minor diagnosis associated with the terminal disease but not directly responsible for death; and class IV, other missed minor diagnoses. Discrepancies were classified based on consensus by the intensivists and the pathologists during the meeting. In the case of discordance between them, the pathologists' diagnosis was retained.
STATISTICAL ANALYSIS
Continuous variables were compared with the t test, and percentages were compared with the 2 tests. Statistical significance was set at PϽ.05. 
RESULTS
STUDY POPULATION
COMPARISON OF CLINICAL AND AUTOPSY DIAGNOSES
For the 167 autopsied patients, 1308 clinical diagnoses before death (mean±SD, 7±6 diagnoses per patient) were recorded. Among them, 614 were impossible to verify by the postmortem examination (eg, functional renal failure, cardiac arrhythmia, or septicemia). Of the 694 remaining diagnoses, 621 (89.5%) were confirmed, 33 (4.8%) were refuted ( Table 2) , 27 (3.9%) were not assessed because of an incomplete autopsy examination, and 13 (1.9%) were considered incomplete by autopsy findings. Clinicians most frequently erroneously diagnosed cancer, endocarditis, myocardial infarction, and pneumonia (Table 2) . One hundred seventy-one diagnoses were missed by the intensivists and discovered at autopsy. The most frequently missed diagnoses were infarction and thrombosis: 26 infarctions (11 myocardial, 11 spleen, 2 renal, and 2 mesenteric), 12 strokes (7 ischemic and 5 hemorrhagic), and 10 pulmonary emboli. Other frequently missed diagnoses were cancer (6 lung, 5 kidney, 3 prostate, 2 lymphoma, and 5 other) and infections (9 endocarditis and 8 abscesses).
Classification of the 219 discordant clinical and autopsy diagnoses according to the criteria of Goldman et al identified 20 class I errors in 17 (10.2%) of 167 patients, 55 class II errors in 44 patients (26.3%), 69 class III errors in 46 patients (27.5%), and 75 class IV errors in 54 patients (32.3%). There were no discrepancies between the clinical and autopsy diagnoses in 52 (31.1%) of 167 patients. Major diagnostic errors (class I and class II) were noted in 53 patients (31.7%). Table 3 summarizes the class I discrepancies between clinical and autopsy diagnoses. Seven (41.2%) of the 17 patients with class I errors were immunocompromised at ICU admission.
A comparison of the clinical characteristics between patients with major (class I and class II) diagnostic discrepancies and other autopsied patients is shown in Table 1 . We noted a higher percentage of immunocompromised patients in the class I and class II groups. These patients also had lower disease severity scores at ICU admission. No other significant differences were noted between the 2 groups. However, the percentages of patients undergoing computed tomographic scan, ul-trasonography, or fiberoptic bronchoscopy were high, and most of the patients with class I and class II errors associated with the cardiovascular system underwent echocardiography during their ICU stay. Specifically, the patients with class I missed diagnoses of endocarditis, pericarditis, and aortic dissection underwent transthoracic echocardiography in the week preceding their death.
COMMENT
The aim of this study was to prospectively evaluate the accuracy of clinical diagnoses and to determine how many ICU patients might have received modified care if the autopsy diagnosis had been made before death. With an autopsy rate of 53.0%, major diagnostic errors were identified for 31.7% of the autopsied patients, and the correct diagnosis would have changed management and possibly resulted in a cure or prolonged survival for up to 10% of the patients.
To the best of our knowledge, this study is the first to date to prospectively evaluate the potential contribution of autopsies to the management of future ICU patients. Our 53.0% autopsy rate falls in the upper range of those reported in retrospective ICU studies 6,9,15 (22%-51%), except for the 93% rate obtained by Roosen et al, 3 from Belgium, a country with an autopsy-favorable legal system. Factors explaining lower autopsy rates mostly reflect the cost and the lack of time available for this labor-intensive procedure, fear of litigation, reluctance of family members to give permission for the examination, and the increased confidence in the performance of modern diagnostic techniques.
Previous retrospective studies 3, 6, 8, 9 comparing clinical and autopsy diagnoses for ICU patients reported major (class I and class II) discrepancy rates ranging from 19.8% to 27%. Our rate was even higher (31.7%). These differences in major discrepancy rates among studies may be explained by different ICU populations (medical vs surgical), 8 higher percentages of immunocompromised patients, 8 different autopsy policies (higher discrepancy rates when autopsies are performed only in the case of uncertain diagnosis), and study design (retrospective vs prospective). As pointed out by Goldman and colleagues, 14, 16 major discrepancy rates remained stable over time (around 10% in the 1960s, 1970s, and 1980s), and the percentage of missed diagnoses did not decrease between 1912 and the end of the 20th century. This observation can be explained by the different types of patients being treated during the 20th century. Advances in medical therapies, such In addition, although the advancement of modern diagnostic techniques has improved the accuracy of certain clinical diagnoses, some diseases remain particularly challenging to identify. For example, the available methods to diagnose fungal infections do not reliably differentiate between colonization and systemic infections, distal pulmonary emboli can be missed on computed tomographic scan, and endocarditis can be overlooked on transesophageal echocardiography. In this study, the percentages of patients undergoing at least 1 sophisticated diagnostic examination did not differ between class I/II patients and other patients. Furthermore, new diagnostic procedures, such as ultrasonography and computed tomographic scans, can yield false-positive and false-negative diagnoses for 6% to 9% of patients. 17 Indeed, 3 cases of suspected endocarditis and 2 cases of aortic dissection were subsequently refuted by the autopsy diagnoses in the present study.
Our study has several limitations. First, the autopsy rate was only 53.0%. However, this study is the first to date in the ICU setting with a strict prospective design, and our sample size strengthened the validity of our results. The reason for not performing autopsies was almost exclusively family refusal, and our autopsy rate compares favorably with rates reported in retrospective ICU series. Second, our results may not be applicable to other ICU populations. Many patients are referred to our ICU after prolonged stays in another department, hospital, or ICU, and more than 40% of the patients included in this study were treated for severe complications of cardiac surgery. These factors may account for our high rate of major diagnostic discrepancies.
In conclusion, the rate of discrepant autopsy findings remains high, despite major technical advances in diagnostic methods during the past 50 years. Diagnosing ICU patients is particularly challenging because of the inability of these patients to give their medical histories, the severity of their diseases (which has increased during the past decades), and the high incidence of nosocomial and opportunistic infections in these patients. At the beginning of the 21st century, autopsies still have a major role to play in assuring and improving the quality of medical care by monitoring diagnostic accuracy and treatment of the ICU patient. Finally, as pointed out by Durning and Cation 10 in a recent survey of internal medicine residents, autopsies are a valuable educational tool, and autopsy attendance should remain an integral part of residency training. 
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